Pyridyl substituted porphyrins or chlorins and their metal complexes have recently attracted considerable attention among the great diversity of porphyrins with a specific pattern of substituents because of their applications in the construction of notable arrays which have been investigated as biomimetic models of photosynthetic systems.
1,2 Watersoluble quaternary salts derived from pyridylporphyrins or pyridylchlorins have been studied as photosensitizers in Notes photodynamic therapy (PDT). 3, 4 The high uptake and retention of such compounds and their DNA targeting capabilities have led to the synthesis of a number of novel cationic derivatives, such as Tetra-cationic meso-porphyrins, 5 tetrahydroporphyrin tetratosylate (THPTS), 6 and monocationic cycloimide derivatives of chlorin p 6 (CICD). 7 The main feature of the reactivity of alkylpyridines is deprotonation of the alkyl group at the carbon adjacent to the ring. 8 The 2-and 4-picolines are known to undergo stereoselective aldollike condensations with carbonyl compounds upon treatment with acid or base.
9 Based on these intriguing results, in the present work we proposed the synthesis of a series of novel pyridyl substituted chlorins via stereoselective aldol-like carbon-carbon condensation between 4-picoline and formyl chlorins, and the optical properties of the synthetic compounds which were affected by the 3 2 -pyridyl group. To the best of our knowledge, this is the first report about the synthesis of carbon-carbon bond linked pyridyl chlorins via aldol-like condensation.
In this study, 3-formyl chlorins (Scheme 1. 4, 7, 11), obtained by a sequence of reactions [10] [11] [12] [13] [14] from chlorophyll a, were refluxed with 4-picoline in acetic anhydride and several drops of acetic acid to afford the desired pyridyl chlorins (5, 8, 12 ) with 60-65% yields. 15 The structure of the pyridyl chlorins was determined by 1 H NMR, HRMS, UVvis spectra and elemental analysis. [16] [17] [18] It is suggested that dienamide ( Fig. 1(c) ) is the reacting nucleophiles in aldoltype condensations brought with acetic anhydride.
The structure changes between the intermediates and the final products were showed clearly by the resonance changes in the It is worth noting that in this condensation method only the E-isomer was formed, which was further confirmed by the 1 H NMR spectrum of the corresponding chlorin e 6 , and purpurinimide condensational derivatives (5, 12) .
In the absorption spectra, the position and intensity of Q y bands of the final products were changed after the condensation (Fig. 3) . It was found that all the substituted derivatives demonstrated bathochromic shifts (12-50 nm) and decreased intensities of their Q y bands in various degrees compared to their starting materials MPa 2. For example, compared to the parent molecule MPa 2, the pyridyl substituted derivative 5 showed an intensity-dropped Q y band at 678 nm with 12 nm red shift, while compound 12 showed its intensity-dropped Q y band at 716 nm with 50 nm red shift compared to MPa 2. Similar relationship was also demonstrated for compound 8. When compared to the intermediates 4, 7 or 11, however, all the pyridyl substituted derivatives demonstrated hypsochromic shifts of their Q y bands in various degrees (15-26 nm). These changes were ascribed to the combination of two adverse effects: (i) extension of conjugated system by introducing 3-vinylpyridine group, and (ii) loss of electronwithdrawing formyl group.
Further evidence for the structure determination came from the high resolution mass spectra (HRMS). It was found that the high resolution mass spectra of the pyridyl substituted derivatives showed the protonated molecular ion peak (m/z), for example compound 8 showed its protonated molecular ion peak (m/z) at 626. In conclusion, the synthetic methodology utilizing aldollike condensation of formyl-substituted chlorins possessing chlorophyll-a skeleton with 4-picoline lays the groundwork for important peripheral functionalization of tetrapyrrolic ring systems. Such reactions constructed conveniently carboncarbon bond linked pyridyl chlorins, and these modifications may be valuable in the generation of novel DNA intercalating agents and photosensitizers for PDT. 
